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NOTICES

This intarim technical paper was submitted by personnel of the kadiation
Biology Branch, Radiation Sciences Division, USAF School of Aerospace
Medicine, Aerospace Medical Division, AFSC, Brooks Air Force Base, Texas, under
job order 7757-C5-58.

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely Government-related procure-
ment, the United States Government incurs no responsibility nor any obligation
whatsoever. The fact that the Government may have formulated or in any way
supplied the said drawings, specifications, or other data, is not to be re-
garded by implication, or otherwise in any manner construed, as licensing the
holler, or any other person or corporation; or as conveying any rights or
permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

The afimals involved in this study were procured, maintained, and used in
accordance with the Animal Welfar' Act and the 'Guide for the Care and Use of
Laboratory Animals* prepared by the Institute of Laboratory Animal Resouraem -
National Research Council.

The Office of Public Affairs has reviewed this report, and it Is
releasable to the National Technical Information Service, where it will be
available to the general public, including foreign nationals.

This report has been reviewed and is approved for publication.

ROdERT E. CORDTS, Major, USAF, BSC DAVID H. WOOD, Lt Col, USAF, USC
Project Scientist Supervisor

* F DAVIS, Colownel, USAF, MC
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RAT ACCELEROD TRAINING PROCEDURES

INTRODUCTION

In the military, several requirements exist for testing the ability of a
subject to perform with relatively fine motor coordination. On the battle-
field, personnel may be exposed to many types of radiation or chemical in-
sulit. Testing is also required when chemicals are proposed as prophylactic
or treatment modalities. To maintain balance on a rotationally accelerating
rod has been shown to demonstrate motor coordination. The process has, in
fact, been used in comparing effects from different radiation sources as well
as different chemicals (1, 2).

Researchers at the USAF School of Aerospace Medicine have been investi-
gating performance decrement using rodents on a rotating rod (3). However,
only 55% of animals learned the task adequately to be included for testing.
Even then, generally low training scores (times) and experiment scores limited
interpretive value of the data obtained. We have felt that the test was a
good one, but that It was necessary to improve the percentage of trained ani-
mals and their demonstrated ability prior to testing. After receiving a stan-
dardized instrument to evaluate this type of performance, we have improved
training procedures to yield nearly 100% animals trained to perform at least
15 S.

TRAINING PROCEDURES

Male Sprague-Dawley rats, weighing 200t25 g, were kept 4 or 5 to a cage
in filtered laminar air flow conditions. Food and water were available ad
libitum. Tails were marked with indelible ink to separate animals so that
individual records could be kept throughout training and experimentation.

Animals were trained on Columbus Instruments ROTAMEX V "EE". This in-
strument has a 7-cm-(2.8 in.) diameter rod divided into four 8.75-cn (3.5 in.)
lengths by 11.5-cm (4.6 in.) high acrylic wafers. Each compartment has a door
which adequately confines 'the rat while allowing safe rotation of the rod.
The floor of each compartment, which is 12-cm (4.8 in.) below the rod, is a
series of stainless steel rods capable of being electrified. When the rod was
turned on, all activated timers started. When an animal jumped or fell to its
grid floor, that compartment's timer stopped. The unit was made to rotate
toward the operator so each subject was placed in the unit oriented away from
the operator and in the direction it would have to walk. The rod was cali-
brated to accelerate to 116 rpm In 120 s from a standing'start. Training was
conducted with only 1 animal at a time. Approximately 50 rat$ were trained
and ad in a session.

First day training was conducted after noon. The most important function
of the first day was for the rat to realize the rod was safe from shook. Shook
was used with a duration of 0.2 3 and was started at the setting of 4.5 which
was adequate to cause about 60% of the animals to move their forefeet off the
grid without jumping or vocalizing. A shock-naive rat was presented to the
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apparatus so it would step up, out of the operator's hand, onto the rod. The
chamber door was closed. Usually the animal quickly jumped off, in which
case it was immediately given 4 rapid pulses of shock (operator manipulated)
and as quickly as possible was placed back on the rod. The process was re-
peated every time the animal jumped off the rod. After a third attempt with
little apparent impression from shock on the rat, the shock level was advanced
about 1 unit. Occasionally an animal would become very excited and essen-
tially jump over the rod to the grid. In that case, the animal was held
gently by the tail and restrained from jumping until it calmed down because
more shock was pointless. Each rat was required to stay on the rod 5 3 or more
(up to 10 s if it had become very excited) before proceeding to the next step.
Records were kept of the number of times a rat jumped or fell from the rod at
each step.

After the rat stayed calmly on the rod 5 s or more, the motor was turned

on. Frequently, as the rod began to rotate, '.he rat would jump down. In that
case the animal was also given 4 rapid puls I of shock and placed back on the 4

rod. Animals had sufficient room to turn around on the rod. The rod was not
activated if an animal was incorrectly oriented, but the rod was not stopped
if the animal turned after it had been activated. On this first day, when
each rat stayed on the moving rod 10 3 or more, it was returned to its holding
cage following that trial. In fact, an animal only had to move about 2 steps
to stay on 10 s.

Training was continued the following morning. During this session, even

a slow, learning animal was required to walk several steps because the minimum
criterion was raised to 15 3. Relatively the same procedure was followed. A
rat was positioned so it would get on the rod. The animal had to stay on the
stationary rod at least 5 s before the rod was activated. Most rats stayed on
the stationary rod on the second day (Table 1). However, as Table 1 depicts,
ani=als required essentially the same amount of reinforcement to stay on the
moving rod to meet this new, minimum criterion. Only 1 of 438 rats subjected
to this training failed to meet the minimum criterion of staying on the accel-
erating rod for 15 s.

TABLE 1. TRAINING SCORES

First day Second day
of training of trainit.g

Average Range Average Range

Returns to 2.65 0-7 0.31 0-4
stationary rod

Returns to 1.11 0-7 1.07 0-8
activated rod "

Qualifying time 20.'4 10-51 27.4 15-56
on rod (seconds)

The time score by which each animal passed training on the second day was
used to group animals. Forty-eight animals were needed daily (12 groups of 4
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each). The total training soere8 of each group of 1$ animala was within 12 s of
the other 11 Igroups which were put together from that training session. By
the end of the experiment (at least 16 animals in each of 24 groups) the
greatest divergence of average training scores of a group compared to their
control group was 2.3 s (9$).

Animals which were eliminated were more frequently left out because they
jumped off several times before reaching the minimum criterion. Minimal quali-
fying scores was the next most common cause for elimination.

The morning following the second training day was the experimental day.
Two accelerod trials In immediate succession were given each subject. Each
animal was run individually, Just as it had been trained. Prior to any test-
ing It was decided that any animal would be allowed 1 and only 1 jump from
the rod during experimentation. The rod was activated very quickly after each
animal was quietly on the rod. Each animal's allowed jump could occur before
5 3 elapsed after activation of the rod. Animals most decremented by the
drugs of this experiment could generally stay on at least 5 s.

DISCUSSION

The accelerod, in the configuration listed (from 0 to 116 rpm in 120
a) did not perceptibly move In the first second. The first movements were
somewhat jerky during the next 2 s. After that the acceleration was continual
and smooth. Even at that the movement was less than one-fourth of a revolu-
tion during the first 5 s and about one-half revolution by 10 s.

During the first day of training rats had to walk just a couple of steps
to stay on the rod for 10 3. As shown in Table 1, however, it is evident most
rats walked well over 10 s. By the second day all knew how to walk on the rod
and most did very well.

By the same token, animals which left the rod prior to 5 s rarely ap-
peared to do so because they couldn't handle the pace of the rod. Instead, 2 ,
processes were apparent as on experiment day animals jumped early,-.

a. Animals were not fully trained and were still searching for alterna-
tives to walking on the rod; Bogo et al. (2) reported at least 6 training sessions
In their method.

b. Occasionally an animal would overreact to the first movements of the
rod and would lurch and lose its balance. These 2 features resulted in about
25 animals (6%) being replaced on the rod 1 time without recording a score
which was loes than 5 s. Bogo et al.(2) had allowed a *false start* fall for
up to 10 3 during their 'testing with 'a constant speed rod.

In a pilot study of training, giving the animals an added training ses- ."
sion had resulted in markedly reduced experimental scores. Groups in the cur-
rent experiment were being subdivided; we had therefore ;rogramed a large
number of animals. While the impressively tight variance reported by Dogo et
al. (2) would have been Ideal, with less investment of time, we saw signifi-
cant results based more on our numbers of subjects.
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We also consider this approach to training to give a *motivational" com-
ponent to the testing. The animals are not dogmatically forced to run until
they can't keep up with the speed. If the stress of restraint, injection, and
all other unique experiences of experimentation day affects their "desire" to
run, this may be as significant as motor inability to perform. They also can
show improvement; many animals did impr.ove compared to their final training *

day. In fact, all 4 groups of experimental animals exposed only to radiation
had'average raw scores above their training scores. This is a typical effect
of moderate amounts of acute radiation. Similarly, 1 of 2 control groups
showed improvement on experiment day, as did 1 of 6 drug only groups and 2 of
12 groups given combinations of radiation and drugs.

Results which we previously obtained (3) were done with a different appa-
ratus without shock. Animals required more training time but still attained
lower scores. Animals in the control group of that earlier experiment aver-
aged only 15.3 s on the rod on testing day. In the most recent experiment, 3
or 4 extra animals were trained each day and the poorest performers were
eliminated. The result of this culling procedure is seen in Table 2; we also
see that performance of controls in this experiment was double that of con-
trols in the previous experiment.

TABLE 2. APPLICATION FROM TRAINING TO EXPERIMENTATION

Second training Training score Controls (average
day of selbcted of two trials)

rats

Subjects (n) 437 401 35

Average score 27.4 27.9 30.6

Range 15-56 15-56 6-52.5

Table 2 shows that the 2 groups totaling 35 control animals had a "time
on rod" range between 6 and 52.5 3. But, this is an average of their 2 tri-
als. Their range of individual scores was from 4 to 65. Even though the
group standard deviations (taken from each animal's 2 trials averaged togeth-
er) were 10.7 and 12.3, there were 8 treatment groups with results signifi- L
cantly lower than controls. While this training method may not prepare
animals as sensitive to mild decrement as other more extenqive methods, it
clearly has application if large numberd of subjects are to be used.

This training and testing paradigm has certain advantages including rela-
tively quick, predictable training, and scores which clearly depict deficit L
but allow improvement. However, there is a major drawback in the variability
of test scores and inability to predict whether an animal will do very well or
very poorly on test day. "J
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